Background: Postural orthostatic tachycardia syndrome (POTS) is an autonomic disorder characterized by the clinical symptoms of orthostatic intolerance such as light-headedness, fatigue, sweating, tremor, anxiety, palpitation, exercise intolerance, and near syncope on standing in the absence of orthostatic hypotension. Objective: The objective of this study is to evaluate the clinical profile and autonomic parameters in patients with POTS. Materials and Methods: A total of 70 patients with POTS underwent cardiovascular autonomic function tests, i.e., heart rate (HR) response to deep breathing, heart rate and blood pressure (BP) changes in Valsalva maneuver and tilt study in the autonomic laboratory of the Department of Neurology from January 2014 to February 2016 using WR Medical Works, USA. Results: Mean age of cohort was 28.07 ± 10.64 years, and there were 36 (51%) women. Light-headedness 59 (84.3%) was the most common orthostatic symptom, followed by dizziness 56 (80%), palpitation 41 (58.57%), anxiety 26 (37.14%), loss of consciousness 21 (30%), disequilibrium 19 (27.14%), visual symptoms 12 (17.14%), weakness 8 (11.43%), and shortness of breath 2 (2.86%). The average heart rate response to deep breathing was 24.79 ± 7.20 bpm. Average Valsalva ratio was 1.78 ± 0.30. During the tilt, average maximum HR increase was 43.47 ± 11.19 bpm. Conclusion: POTS is an underrecognized disorder and majority of them present with vague orthostatic symptoms ways, hence clinicians should be made aware of the symptomatology. The tilt table test with beat-to-beat monitoring of HR and BP is the standard test for diagnosis.
Introduction
Postural orthostatic tachycardia syndrome (POTS), an autonomic disorder, is characterized by the clinical symptoms of orthostatic intolerance such as light-headedness, sweating, tremor, fatigue, anxiety, palpitation, exercise intolerance, and near syncope on the upright posture, which are relieved on lying down. It is more common in females in the age group of 12-50 years with a male-to-female ratio of 1:5. [1] It is defined as the presence of symptoms of orthostatic intolerance associated with an increment in heart rate (HR) of 30 bpm or tachycardia >120 bpm within first 10 min of standing or upright tilt without evidence of orthostatic hypotension. Symptoms must occur in the absence of causes leading to orthostatic tachycardia such as prolonged bed rest, use of drugs that affect autonomic regulation (vasodilators, diuretics, antidepressants, or anxiolytic agents), or chronic debilitating disorders that cause tachycardia (such as dehydration, anemia, or hyperthyroidism). [2] POTS is an underrecognized disorder as majority of the patients present with vague orthostatic symptoms making it difficult to diagnose. To the best of our knowledge, the documentation of this entity in published research from the developing countries has not been ample enough to state the magnitude of this condition. Hence, this study was undertaken to study the clinical profile and autonomic parameters in patients with POTS.
Materials and Methods
This prospective study was approved by the Institutional Research Committee and was conducted in the autonomic laboratory of the Department of Neurology, from January 2014 to February 2016. A total of 70 patients were included in the study. Inclusion criteria were as follows: (a) patients with HR increase of ≥30 bpm or HR ≥120 bpm within 10 min of standing or
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercialShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. [3] Patients presenting with symptoms suggestive of POTS underwent standardized autonomic function tests. Following cardiovascular autonomic function tests were performed using the equipment made by WR Medical Works, USA, after taking informed written consent of each patient. 1. Automatic tilt table test 2. Heart rate response to deep breathing (HR DB ) 3. Valsalva maneuver.
Head-up tilt table test
It assesses the adrenergic vasomotor function. In this setup, an automated tilt table is used. The baseline SBP, diastolic blood pressure (DBP), and HR were recorded before the tilt. [4] The tilt study was performed for 10 min for 80° of head-up tilting. HR and blood pressure (BP) changes and symptoms during the tilt were recorded. The Finapress (Bmeye -Nexfin Monitor, the Netherlands) was used to record BP continuously from the fingertip.
Heart rate response to deep breathing
It assesses cardiovagal function. The patient breathes at a rate of 6 breaths per minute (inspiratory and expiratory cycles of 5 s each). Eight cycles were recorded and repeated after a rest period of 5 min. The five largest consecutive responses were read from the computer using a cursor, averaged, and the HR range (maximum-minimum) was derived. [4] 
Valsalva maneuver
It assesses cardiovagal and adrenergic vasomotor functions. The patient while rested and recumbent was asked to maintain a column of mercury at 40 mmHg for 15 s through a bugle. The procedure was repeated 3 times. The Valsalva ratio (VR) was derived from the maximum HR divided by the lowest HR occurring following the maneuvers. [4] 
Statistical analysis
Descriptive statistics are presented as percentages, mean ± standard deviation, and categorical variables are expressed as count (percentages). All statistical analysis was performed using SPSS, version 21.0. Armonk, NY: IBM Corp.
Results
Out of 115 patients referred to the autonomic laboratory during the study period with complaints of falls, syncope, and orthostatic intolerance, 70 were diagnosed to have POTS after tilt study. Mean age was 28.07 ± 10.64 years (Range: 18-55 years), and there were 36 (51%) women. Symptomatology of patients is presented in Tables 1 and 2 . The average HR DB was 24.79 ± 7.20 bpm. Average VR was 1.78 ± 0.30. During the tilt, average maximum HR increase was 43.47 ± 11.19 bpm. Figure 1 shows the typical HR and BP responses to tilt in a patient with POTS.
Discussion
The common orthostatic presenting symptoms in our study were light-headedness, dizziness, anxiety, loss of consciousness, disequilibrium, palpitations, and visual symptoms. The clinical symptoms in our patients were similar to those of reported by Pandian et al. [3] Patients with POTS had normal VR ratio and HR DB suggesting a normal parasympathetic function. These results were in agreement with previous studies done by Ewing et al., [5] Khandelwal et al., [6] and Novak. [7] The HR increment of 43.47 bpm during tiltup was consistent with previous study [8] which showed increase of HR by 44.0 bpm. The HR increment besides being a compensatory mechanism to maintain SBP and cerebral perfusion at adequate level [9] is also suggestive of excessive sympathetic activation. Orthostatic hypotension is not seen in POTS patients. Nearly 20%-30% of patients with POTS experience syncope, [10] often through a vasovagal mechanism. Many of the patients reported in earlier studies documented onset of their symptoms following an acute febrile viral illness, as well as after pregnancy, surgery, sepsis, or trauma. [8] Sandroni et al., [11] in their study, reported antecedent viral infection in some POTS patients, but none of patients in the present study had any preceding viral infection.
Many POTS patients report cognitive problems, though the mechanisms for this are not clear. Arnold et al. in their follow-up study of cognitive function in patients with POTS identified selective attention deficit, decreased cognitive processing speed, and difficulty in executive function. [12] Ocon et al. found that there is worsening of executive function with increased orthostatic stress in POTS patients. [13] POTS patients may also complain of poor sleep quality and excessive daytime sleepiness leading to poor quality of life. [14, 15] Dependent acrocyanosis (dark-red discoloration of legs) is another major feature present in 40%-50% of patients with POTS. Studies suggest that decreased blood flow in the skin causes this problem. [16] Severe fatigue is common in POTS (93%) and many patients (64%) also fulfill the criteria for chronic fatigue syndrome. [17] Patients may also have chronic joint pain or Ehlers-Danlos syndrome (hypermobility type), as these disorders may also be associated with POTS. [18] There is possibility of patients with POTS to be misdiagnosed as its symptoms overlap with many other disorders such as anxiety, inappropriate sinus tachycardia syndrome, neurogenic orthostatic hypotension, and chronic fatigue syndrome. Consequently, diagnosis of POTS is commonly delayed by several years. [8] POTS can be classified as primary or secondary [ Table 3 ]. [19] [20] [21] [22] [23] Primary POTS is not associated with any medical condition, whereas secondary POTS occurs in conjunction with some known diseases or disorders such as benign joint hypermobility syndrome. [24] The most common form of primary POTS is partial dysautonomic form in which patients suffer from peripheral autonomic neuropathy marked by the failure of the peripheral vasculature to maintain required vascular resistance when challenged with gravitational stress leading to pooling of blood in the lower parts of body during the upright posture. [6] Partial dysautonomic form may have autoimmune etiology resulting from the development of autoantibodies against α3 acetylcholine receptors of the peripheral ganglia.
Another form of primary POTS, termed hyperadrenergic, is far less common and could be due to the impaired clearance or decreased uptake by the synaptic cleft. These patients often complain of profuse sweating, anxiety, tremulousness, and high DBP. [7] This type is thought to be due to an underlying genetic disorder.
POTS is a disorder with variable prognosis. Efforts should be made to determine and treat causes that can be reversed. It is important to educate the patient about the nature of the disorder. The patient should avoid aggravating factors such as dehydration and extreme heat. They are advised to increase their fluid intake (up to 3 L/day) and dietary salt intake (8-10 g/day). [25] Symptoms are improved with exercise training. Fu et al. [26] and Fu and Levine [27] in their study on POTS patients found that exercise intervention reduced orthostatic tachycardia and improved quality of life in these patients. Other appropriate methods such as compression stockings and pharmacological agents which increase peripheral resistance or augment circulatory fluid volume would also be helpful. [1, 9, 20] 
Conclusion
POTS is an underrecognized clinical problem with multiple etiologies. Frequent and recurrent episodes of syncope or presyncope have negative effect on quality of life and lead to substantial morbidity. Autonomic tests such as tilt table test are helpful to establish the diagnosis of POTS. A variety of treatments, including exercise and medications, can improve symptoms for the majority of people with POTS.
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